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 Surgical colleges have signiﬁcant international reach through social media.
 Surgical colleges generally communicate in accordance with their espoused values.
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Background: Social media use has become common for organisations in surgery, however the nature
and reach of these communications is unknown. This study aimed to characterise and compare the use of
“Twitter” by ﬁve prominent organisations in surgery. Study Design: Data were collected from Twitter
and the scale, reach, nature and sentiment of messages analysed. Message inﬂuence was determined and
content analysed by frequency and association using hierarchical clustering and network analysis.
Poisson regression was used to compare institutional message and “re-tweet” counts. Results: 7712
messages were analysed from a four-year period up to 13th April 2013. The American College of Surgeons
(ACS) had tweeted most and posted the greatest number of messages per day (3.3/day). The number of
followers reﬂects social reach and the Royal College of Surgeons of England (RCSEng) had the greatest
number (11,600) followed by the ACS (7320). The number of “retweets” a message receives is a measure
of inﬂuence with the RCSEng (2.0) demonstrating a signiﬁcantly greater count than the Royal College of
Surgeons of Ireland (RCSI; 0.8, p < 0.001) and the ACS (1.3, p < 0.001). Followers of the RCSEng and ACS
appeared most inﬂuential. Terms relating to education feature prominently in messages posted by the
RCSEng and RCSEd, but less so in those from the RCSI and ACS. Education and training terms were highly
correlated with “events”. Conclusions: Surgical colleges have signiﬁcant international reach through
social media. UK colleges frequently communicate about education/training opportunities while the ACS
focuses on patient-related matters. Only one organisation was found to have an explicit social media
policy, which would be considered best practice and can focus on-line activity.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Social networks are deﬁned as mechanisms for facilitating in-
teractions between the individuals with which one has social re-
lationships [1]. The concept of social networking is not new, but
increasingly these networks are based online and are larger, looser
group of connections than is the case with traditional ofﬂine re-
lationships [1]. With an estimated 500 million users, Twitter is onerison).
by Elsevier Ltd. All rights reservedof the world's most popular and inﬂuential social networks [2].
Twitter allows users to post short messages or ‘tweets’ of up to 140
characters online. A user can ‘follow’ another resulting in a notiﬁ-
cation whenever the ‘followed’ user posts a message. The inﬂuence
of Twitter has been acutely demonstrated by its role in the genesis
of the ‘Arab Spring’ in 2011 and in the sudden crash in the Dow
Jones industrial average index in April, following a tweet posted by
hackers into the account of the Associated Press [3].
The rapid expansion and now near ubiquitous use of online
social media and social networks has given organisations an un-
precedented opportunity to expand and enhance connections with
their members and the wider public. Surgical organisations in the.
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offering them the potential to communicate with a broader audi-
ence and disseminate information about their activities more
widely. Nevertheless, there are pitfalls that come with the use of
social media often due to the public nature of its contents. Concerns
have been raised about the posting of inappropriate content by
medical students and physicians, which may harm the professional
image of individuals and their institutions [4]. It has also been
suggested that increasing social media usagemay reduce individual
privacy, and may even negatively impact on patient care [4]. This
makes it important that organisations have a clear strategy for
social media use that preferably reﬂects the organisation's core
values and principles.
Organisations in surgery may have different goals in engaging
with social media. While these aims may or may not be well
deﬁned, medical professional bodies have been criticised more
broadly for not stating their goals and guiding principles clearly
enough, which risks confusion as to their purpose and a lack of
leadership and direction [6]. The American College of Surgeons
(ACS) have outlined a plan to “make better use of social media” to
promote the organisation and enable communication and interac-
tion between all of those involved in surgery [7]. Speciﬁc mention
was made of the social networks Twitter, Facebook, and YouTube,
with plans in place for “expanding and enhancing our social media
capabilities”. No social media policy has been published by any of
the surgical colleges in the UK or Ireland.
International surgical organisations can have great inﬂuence in
the policy and priorities of surgeryworldwide. The aim of this study
was to assess the scale and reach of social media activity by surgical
organisations, together with an analysis of the nature, content and
underlying sentiment of these communications. Twitter was used
as the form of social media for analysis and all available messages
were retrieved for investigation.
2. Methods
2.1. Data retrieval and processing
All available messages of the ﬁve organisations were retrieved
for analysis on 12th e 13th April 2013. Twitter handles searched
were: RCSEng, @RCSnews; RCSEd, @RCSEd; RCPSG, @RCPSGlasgow;
RCSI, @RCSI_Irl; ACS, @AmCollSurgeons. Currently only the most
recent 3200 tweets from any account may be retrieved. Only the
ACS had tweetedmore than 3200 times at the time of retrieval with
all messages available for the other organisations. In addition to
message content, the following message variables were also
retrieved: message date, number of times “favourited” (marked as
favourite by other users), number of times “retweeted” (forwarded
by other users to their own network). The following institution
account variables were also retrieved: number of “followers” (in-
dividuals or organisations that subscribe to messages), inﬂuence of
“followers” (the number of “followers” that the “followers” have),
the proﬁle of the most inﬂuential “followers”, and the potential
reach of messages (the total number of followers of users who
mention colleges in their tweets).
2.2. Message processing
Pre-processing was performed prior to analysis: the removal of
‘stop words’ (functional words in between the subjects of the
tweets), removal of the word following ‘@’ (which addresses a
message to another user), text after ‘#’ (the ‘hashtag’), text after
‘http’ (hyperlinks) and removal of abbreviations ‘RT’ (re-tweet,
signifying the act of republishing another user's message) and ‘MT’
(modiﬁed tweet, signifying the republishing of a slightly alteredversion of another user's message). All punctuation and numbers
were removed and the words “available”, “via”, “royal”, “college”,
“surgeons”, and “American” (ACS only), which are used commonly.
Following this, words had common endings removed (‘stemming’),
and then had the most common ending for the word replaced
(‘stem completion’). This allows related words (e.g. patient and
patients) to be analysed together.
2.3. Message analysis and statistics
Differences in college social inﬂuence were examined using
KruskaleWallis tests and post hoc pairwise comparisons per-
formed using the Wilcoxon rank-sum test with Bonferroni adjust-
ment for multiple comparisons. Comparison of retweet counts was
done by Poisson regression presented with bootstrapped conﬁ-
dence intervals (n ¼ 1000). Text mining techniques and analysis
were used in the investigation of messages [8]. Term frequencies
were determined and plotted. Associations of speciﬁc terms within
individual messages were then analysed. Hierarchical clustering
was performed using Ward's minimum variance method to pro-
duce dendrogramse tree diagrams inwhich height (length of lines)
represents greater dissimilarity between terms. Clustered terms are
coloured to ease reading. This was extended and a formal network
analysis performed, where co-occurrence of terms in tweets is
represented graphically. Term frequency is represented by font size
(larger font for more frequent term) and association of terms by the
weight of the connecting line (thicker line for greater association).
Network plots were created by force-directed graph drawing al-
gorithms (Fruchterman-Reingold) where nodes are positioned to
ease reading, that is, distance between nodes has no meaning. The
sentiment analysis was performed using facilities provided by the
company, theysay (theysay.io). Sentiment is closely related to
subjectivity/affect/emotion/moods/feelings and the analysis is
designed to capture both explicit “author sentiment” as well as
general, implicit “reader-sentiment”. A message was determined
overall to be positive, negative or neutral depending on the pro-
portion of the message demonstrating those characteristics. Dif-
ferences in message sentiment between colleges were compared
using a chi-squared test. Messages were retrieved and analysed
using R 2.14.1 (R Foundation for Statistical Computing, Vienna,
Austria) with packages twitter, ROAuth, tm, ggplot2, igraph, and boot.
Additional proﬁle data was retrieved using services provided by
Twitonomy (twitonomy.com).
3. Results
3.1. Scale and reach
The number of tweets retrieved from the accounts of each sur-
gical college varied (Table 1). The American College of Surgeons
(ACS) had tweeted over 6000 times at the time of retrieval, so the
most recent, 3200 were analysed (the maximum currently avail-
able). Twitter users form a network of “followers” who receive the
messages of those followed. The number of followers reﬂects the
penetrance and social reach of an organisation. At the time of
writing, the Royal College of Surgeons of England (RCSEng) had the
greatest number of followers (11,600) followed by the ACS (7320).
Twitter users share the messages of others by ‘retweeting’ the
message to their own network. The number of retweets a message
receives and the retweet-rate of an organisation can be used as a
measure of inﬂuence. The Royal College of Surgeons of Edinburgh
(RCSEd) had the greatest proportion of messages retweeted (1302,
70.3%) followed by the RCSEng (1092, 61.3%). The mean number of
retweets (average number of times a message is retweeted) was
signiﬁcantly greater for the RCSEng (2.0) compared with the Royal
Table 1
Scale and retweet characteristics of college Twitter activity.
Organisation Dates of messages N Followersc Messages
per day
Messages
favourited (%)
Messages
retweeteda (%)
Mean
number
of retweets
Mean
number of
retweets for
messages
retweeted
Relative expected
retweet count
(95% conﬁdence
interval)b
p-value
RCSEng 19/06/2009e12/04/2013 1780 11,600 1.28 289 (16.2%) 1092 (61.3) 2.0 3.3 1 (reference) e
RCSEd 02/06/2010e12/04/2013 1851 2540 1.77 104 (5.6) 1302 (70.3) 1.8 2.5 0.88 (0.73e1.03) 0.154
RCPSG 21/01/2013e11/04/2013 81 113 1.00 4 (4.9) 48 (59.3) 1.7 2.9 0.85 (0.51e1.19) 0.38
RCSI 05/10/2011e12/04/2013 800 1549 1.44 70 (8.8) 323 (40.4) 0.8 2.0 0.41 (0.33e0.49) <0.001
ACS 11/07/2012e13/04/2013
(joined 09e2009)
3200
(max)
7320 3.32 234 (7.3) 1611 (50.3) 1.3 2.6 0.64 (0.54e0.74) <0.001
a Includes native retweets (using button) and tweets starting RT.
b Poisson regression of retweet count number by organisation. Relative expected count is the exponentiated coefﬁcient with RCSEng as the reference group. Conﬁdence
intervals and p-values derived from 1000 bootstraps.
c Follower number retrieved 12 July 2013.
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(1.3, p < 0.001).
An important aspect of reach is the proﬁle of the individuals or
organisations that follow colleges or mention them in tweets. A
simple measure of the inﬂuence of any user is the number of fol-
lowers they have. For instance, if a user with 100,000 followersFig. 1. Measures of social inﬂuence. The Twitter proﬁle of each college is “followed” by a
inﬂuence is the number of followers that each user following each college has (A; no sign
inﬂuential college followers can have a signiﬁcant impact on the social penetrance of messag
degree of inﬂuence of the top followers (B; KW test, p < 0.001; in pairwise comparisons,
comparisons with Bonferroni correction). Having inﬂuential followers is inconsequential if th
differences between colleges in the inﬂuence of the most inﬂuential users mentioning the
number of followers of users who mentioned colleges in their tweets. This was sampled oretweets a message, then the potential reach of that message is
100,000 individuals. Overall, the inﬂuence of followers of the col-
leges was similar (Fig. 1A).
Due to the exponential distribution of inﬂuence, the most
inﬂuential college followers can have a signiﬁcant impact on the
social penetrance of messages if interaction can be encouraged.number of other users (individuals or organisations; Table 1). One measure of social
iﬁcant difference between colleges by KruskaleWallis (KW) test, p ¼ 0.72). The most
es if they can be encouraged to interact. Differences were seen between colleges in the
signiﬁcant differences were seen between all college combinations, *p < 0.001 for all
ose followers do not interact with college messages. No strong evidence was found for
colleges in messages (C; KW test, p ¼ 0.51). “Potential reach” is deﬁned as the total
ver a two month period and no signiﬁcant differences were seen (KW test ¼ 0.96).
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inﬂuential followers (Fig. 1B), with top followers of the RCSEng and
ACS beingmore inﬂuential than those of the RCSEd, RCSI and RCPSG
(Fig. 1B).
Yet, having inﬂuential followers is irrelevant if those followers to
do not take part in college networks and interact with messages. A
sample was taken over a two month period of the most inﬂuential
users mentioning colleges in messages (including retweets and
favouriting). No strong evidence was found for differences between
colleges in the inﬂuence of these most inﬂuential users interacting
with college messages (Fig. 1C). Similarly, no differences were seen
in the potential reach of colleges, that is, total number of users who
may have seen messages (Fig. 1D).
Finally, examining the proﬁles of inﬂuential users mentioning
colleges in tweets revealed a potential broad social sphere beyond
that of healthcare, including business, information technology,
education, and the press (Table 2). However, the number of top
users out with healthcare interacting with colleges was relatively
small.3.2. Message content and sentiment
Overall word frequency for messages was determined (Fig. 2).
Terms relating to education feature prominently in messages pos-
ted by the RCSEng and RCSEd, while are present less often in those
from the RCSI and ACS. The Royal College of Physicians and Sur-
geons of Glasgow (RCPSG) had at time of analysis only tweeted 81
times, so conclusions are hard to draw. Frequent terms tweeted by
the RCSI relate to a “conference” and “lectures”, while prominent
terms in tweets by the ACS concerned “patients” and “care”.
Term clustering was determined, dendrograms constructed
(Fig. 3) and a network analysis performed (Fig. 4). The RCSEng
tweets show a prominent cluster with the term “training” most
commonly associated with the terms “course” and “education”. The
terms “time” and “doctors” are commonly associated in the tweets
of the RCSEng, presumably relating to issues of working time. Both
the RCSEng and the RCSEd have clusters around the term “event”,
which is commonly associated with “conference”.
The RCSEd dendrogram demonstrates the prominence of the
college's medical student surgical skills competition, with the
terms “medical”, “student”, “surgical”, “skills” and “competition” all
closely associated. The term “course” is most commonly associated
with the term “book”, usually referring to registering for a place.
The RCSI dendrogram highlights the term “lecture” as promi-
nent and associated with a number of other terms. Reviewing the
Twitter timeline of the RCSI, it appears that a large number of these
messages relate to the college's ‘MiniMed School Open Lecture
Series’. This association is present on the dendrogram, but not
particularly prominent.
The ACS dendrogram shows the terms “patient” and “health”
most commonly associated with the terms “care”, “improvement”
and “program”. The term “course” e the most prominent training-
related term e is associated with “trauma” and “residence”. This
may have been related to a speciﬁc training course.Table 2
Proﬁle of most inﬂuential users mentioning colleges in tweets, n(%).
Organisation Health Business Information technology (IT) P
RCSEng 11 (55) 0 (0) 1 (5) 0
RCSEd 16 (80) 1 (5) 0 (0) 1
RCPSG 13 (65) 1 (5) 0 (0) 1
RCSI 7 (35) 1 (5) 1 (5) 1
ACS 16 (80) 0 (0) 1 (5) 0“Sentiment” is used to describe whether an extract of text
conveys an overall positive, negative or neutral message. Com-
mercial algorithms were used to examine all messages sent by the
colleges. Using this analysis, around 50% of messages from all col-
leges were found to convey a positive message (Fig. 5). There were
differences in sentiment between colleges (p < 0.001, chi-squared
test), with the RCPSG appearing to have more positive messages.
4. Discussion
The medical profession is rapidly adapting to the widespread
uptake of social media. This is clearly demonstrated in the publi-
cation of a series of articles 2011 dedicated to the subject [4,7,9e13].
Much of the profession's focus on social networks, especially
Facebook and Twitter, has been concerned with mediating the risks
posed by injudicious use, and understandably so. Concerns have
been raised about medical students and clinicians posting unpro-
fessional content [4], patients attempting to contact medical pro-
fessionals involved in their care through social media, and the
posting of conﬁdential or inappropriate patient-related informa-
tion online [14]. Often this has been due to unfortunate incidents of
“context collapse”, whereby individuals inadvertently communi-
cate a message to a far greater audience than they had intended, a
mistake which is easy to make on a public platform such as Twitter
[15].
Social media is now more being explored for the positive ben-
eﬁts it can bring to organisations. Institutions are seeing numerous
ways in which online social networks can prove to be beneﬁcial
including enhancing education [10,11]. These also offers opportu-
nities for organisations to spread messages to a wider audience, to
publicise activities or important publications, and promote partic-
ipation in events [7,12,13]. A keen use of social media is in plastic
surgery in the United States, where it has been used as a marketing
tool [16]. As a result, organisations have had to grapple with
striking a balance between allowing free access to social media on-
site, with the potential associated beneﬁts, and the potential
negative impacts of social media use in a professional context [12].
Differences were found in the length of time colleges have been
engaged with Twitter and the frequency of messages. The RCSEng
and ACS have been involved for longer, have the greatest number of
followers and were found by some measures to have the widest
social inﬂuence and penetrance. RCSEng followers interact with
each message to a greater extent than the ACS, though the latter
tweets more than twice as often. The commonest measure of po-
tential inﬂuence in a social network is the number of followers of a
user. But as in any network, it is the number of followers of the
followers and followers of the followers’ followers etc. that leads to
the greatest social penetrance of a message. It is due to the expo-
nential nature of these relationships that the wide and quick dis-
tribution of a message is often compared to the spread of infectious
disease, regularly referred to as “going viral”. There were clear
differences between colleges in the inﬂuence of top followers, but
this did not translate to differences in inﬂuence of those interacting
withmessages. It is by engaging thesemost inﬂuential of users, that
greatest message penetrance will be achieved.olitics Press Publishing Science Education Other
(0) 3 (15) 1 (5) 2 (10) 0 (0) 2 (10)
(5) 0 (0) 0 (0) 0 (0) 0 (0) 2 (10)
(5) 2 (10) 0 (0) 0 (0) 0 (0) 3 (15)
(5) 1 (5) 0 (0) 2 (10) 3 (15) 4 (20)
(0) 1 (5) 1 (5) 0 (0) 1 (5) 0 (0)
Fig. 2. The frequency of individual words in college tweets. Highlighted terms relate to education or training, one of the core themes in mission statements of the UK colleges,
though less prominent in the mission statement of the American College of Surgeons.
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Fig. 3. Clustering of terms within tweets. Term frequency increases from left to right. A greater ‘height’ represents a greater dissimilarity between terms. Clusters are coloured to
ease reading.
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Fig. 4. Network analysis of college tweets. Font size is proportional to the frequency with which terms are used. The weight of the lines (edges) is proportional to the strength of the
association of the terms. The distance between the vertices has no meaning.
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surgical colleges. The four UK colleges appear to use Twitter
regularly to promote education, training, conferences and events.
The ACS is the only college that tweets frequently about patientFig. 5. Sentiment analysis. Proportion of messages from each college conveying a
positive, negative and neutral sentiment.care. It is interesting that these differences in Twitter usage are
quite accurately reﬂected in organisation mission statements
[17e21]. It could be concluded that the Twitter message of the
surgical colleges’ Twitter largely hold true to their respective core
values and principles.
The research ﬁeld of sentiment analysis seeks to identify
whether a text expresses a positive or negative opinion [22]. Pre-
vious studies have examined the overall sentiment expressed in
blogs, song lyrics and the speeches of US presidents [23] and
Facebook status updates [24]. Around 50% of tweets from surgical
colleges were found to express a predominately positive sentiment.
It may be surprising that this proportion was not greater given the
nature and presumed purpose of the messages. Authors of tweets
should consider the overall aim of a given message and whether it
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important to reﬂect on the tone of the message and language used
to ensure correct transmission of the intended attitudes and
opinions.
It is interesting to consider the underlying purpose with which
colleges might choose to use social media. There are common
threads running through the four UK colleges' mission statements
relate to education and training, which can be viewed as a mech-
anism of attaining high standards of surgical practice [17e20]. The
ACS, on the other hand, makes little reference to education or
training, and focuses more explicitly on the patient outcomes [21].
While it can clearly be argued that better patient outcomes are a
driving force behind the UK colleges' quest to improve surgical
standards and that improved training and education is essential for
the ACS to improve patient outcomes, the focus of their mission
statements is clearly different. The UK colleges focus more on the
professional development of members, while the ACS places its
focus more surgical patients' outcomes (and indirectly, their
members' skills and practice). Social media can be effectively used
as a mechanism to broadcast organisational purpose: it is impor-
tant that members and the broader public understand correctly
colleges’ priorities and opinions. Yet, its real power lies in the ability
to interact with individuals to help form policy, connecting with
groups that potentially have had little contact with these organi-
sations before.
This study has a number of potential limitations. Access to the
messages of the ACS was limited to a maximum of 3200. In addi-
tion, the analysis of the activity of the RCPSG was limited by the
small sample size of messages available. With regard to analyses of
inﬂuence, these are subject to signiﬁcant variation which may not
have been accurately captured by our sample. These metrics are
constantly changing and this analysis represents a snapshot in time,
rather than an invariant truth.
This analysis could be extended in a number of directions. A
more in-depth thematic content analysis may yield greater insights
into the principles and values transmittedwithin themessages. The
sentiment analysis could be expanded with identiﬁcation of mes-
sages conveying negative sentiments and the reasons for this.
Colleges and similar organisations may wish to consider prospec-
tive real-time analyses of messages to ensure objectives are being
met.
Optimum use of social media has quickly become a priority for
many organisations, including those in healthcare. The opportu-
nities are great, yet in light of the potential pitfalls of social media
use, it is important that medical organisations have a clearly
deﬁned social media policy. Core values and principles must be
held fast in order to make the most effective and beneﬁcial use of
this unparalleled opportunity.
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